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Title: 

POSITION CONTROLLER 



Abstract: 

PROBLEM TO BE SOLVED: To precisely adjust the fine model error of an object to be 
controlled while optimally holding a response to disturbance, and to realize quickly 
decidable control without exciting machine resonance by simple adjustment in a position 
controller for allowing a position command to follow up the actual position of the object 

to be controlled by using a model signal arithmetic unit. SOLUTION: This device is 
provided with a torque feedforward amplifier 10, a speed feedforward amplifier 11, and a 

position feedforward amplifier 12, and each torque feedforward gain &alpha t, speed 
feedforward gain &alpha v, and position feedforward gain &alpha x can be independently 
set so as to be made independent of a speed proportional gain Kv, a position 
proportional gain Kx, and a position integral gain Ki. Thus, it is possible to reduce 
overshoot while optimally maintaining characteristics against disturbance, and to realize 
quickly decidable control by simple fine adjustment 
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imniMtottH] 

«y >r ^ «t tftfc««#y >r >- ^ e> 4 5 7 - * * 

go 

i^h/^^^MtS ± 

U7 YfJlsfrhttV 4— Y7HrV — 40 

K^-Y^tRj&t-«*««rfl|*., -±Ett«7-<- 
17- Y?4>tm8L7 4— Y7*7— Y^f-f >k 
7j—Y7*7— Ytf't 1/ k (D-fr^T £:±fE:7 4 — 
5/ * y>f ViafiWR*«TlB4*/** Lfc^ <!r 

[§S*«3] K7*l7— KftWWWH:, \uM7 << 

-Y7*y-Y?«(i/tm8L7 4-Y7*y- 

k h/^9 7 4— Y7*V — Yff'Ok&E.Wz&jLfrWi 



2 

-K^^-y- k^-y ^tisa^^- k^* i7- K^>r> 

[R*«5] 7-f-K7*!7-KMW«tt, ffi«:7>f 

- Y7*7- YV<OtmgL7<<—Y7*7- Y?-<> 
k h;is?7<4-Y7*7-YV«<>k&, ?fe*<0BBffi* 

d-F-K-JW) = ( h/^^^- Y7*V— Y¥4 
» 

- Y7* V- YVJ iskm&7 4'-Y7*V— Y?4 ^ 
Y)\>Z7 4—Y7*y-Y?4i/k*. ft*«)B8«Sr 

m&7 >(-Y7*7- Y?4 ^) = (ffi«7>f-K7 
7 ] ^gp^^ fe OffiRtt^ x r k »J»#*<Dtt 

te 5 /^DiSS ^ ±fs*J® *t ft ^ ^ 1— y ^ mfe 

^gp, ^<tt/±IS^e^^ hy^^ t a ^^f/vMv a <!: 
^•X/WSM x a v m <^ x m k 

iSLUttm^ >k x kmmttmtf'f >k v ^fsma^^ 

i h/i^:7^- K7^!7- WVa t fciSS 
7-( — Y7 Ytf^Oa v irffifi^^— K^^-17 — 

fcriSr»«ti--5 R** 1 4 V > L 6 <7) V ttd^Ctt 

Tr = aT*Ta+Kv" ( a v • v a — v m) + K x 
• (ax«xa — xm) +K i (l/s) (xa — x 
m) 

s : 7 7*7 

^ h/^7>f- K7*!7— K^^a t &m%l>fZ7>( 
— Y7*7— Y Yj^9 z f YA/9 7 4*— Y7 
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3 

- Y'V<<> a v£*£Lfc y 4—Yy*V - Kiiftv f 
£ffi7rT5iS«7^-K7*7- Ki«frI3§, ^x/Wig 

x afc{£g7.< — K7*7- Y?4 >a x&mW-Llty 

^-K7*«7-KteSx f ziiiti-tztiL&yj-h-y* 

7*7- KiSft v f £ Higft v m i cD«H{ciiaJt0ijy 
W>'Kv**|H,fc«#SrtilA-*-53S«tfcfli|*Mt». _h 
E7^-K7*!7-Kttlx f k£tiLSxmk(Dmmz 

-hlE7^ — K7* 7 — K Y)V& t f tJiD'ifSjSftit^iJ 
*§«», ttffft0!MlMt& &g«#««3§C>m7J{i-^<75 

KhA^7-< — K7t!7-K7 , -r>'o T&?H»Lfc7-< 

— K7*7— K h/w^ t f &mti1-Z> Y>v?y 4 — \fy 

* 7 - KiS*BS, ^TVHtS v a 7 4 — K 7 * V 20 

— Y'?4 V a v Sr^lf L7c7 - K7 * 7 — Kit* v f 
&tt573l-£)Sg7-<- K7*7- Kittle JiIS^tvw 
«ttvafctti7-f-K7*!7- KffiSWV i' 0 x «:* 
j*Lfc7-f- K7*7- Kfilx f ^tB73-f--5ffiM7^ 

- K7 * 7 - Kffi«l§, ^ryvWig x a £ x m £ 
O0ISI*»e>±e7 r r— K7*7 — Ktfcgx f Sr^gLfc 

Lfcfi^£W;fti-5&B«#S£ x JtlE7^- 

k 7 * 7 - k^s v f t *jga v m t <Dumcm&ttm 

±IE*x/Hia x a £ HffiH x m k (DUm^&Mitm^ 30 
^VKxSr**Lfc«-§-Srffl7J-f5ffifiJi0!l««S> So 
*tf±1^gtt#li©a]Afc{£««#^f i Sr^jf 

fig7 ^ - K 7 * 7 - Y'V-f v a x lift^T'^^-T 5 £ 
£*>(-> ±IE7 — K7* 7— K Yfls$ t f *3j;r/±fE 

73ft#0»P»{l^ Wl^fg^ t r k LT ai73-rS i £ £ 

5 W#3l 7 iE«rot£g«»3£g. 
a. x= 1 -K i • J3 x/Kx 

a Yfrty j—yyit-y-yjfj^a. t **3lLfc7 
f — K7*7 — K h/i^ t f &&77-T5 7 -f — K 

7*7- Kittle ^x/L-ita v a ('it* 7 — K 7 * 
7-K{£«<7V^v v£?ll»Lfc7^-K7*7-KiS . 
Sv f SrttS73-r5jS*7-f-K7*7-K(g®S§, 
/M£gx a HHftg7W- K7*7 — K{£fi6<7V>v 
i»Lfc7-f-K7*7-KttIx f SrtH73i-5teS7 
- K7 * 7 - Kffi®3§, *tvW4B x a £ *&g x m 

CfltfltS. S3 i tJU:l&*f f /ItME v a £ HE tt& v m k <D so 



4 

iSSJt^J^V VK v tfll^-l- VcoP I OP I (Jt^ja 
I *t«3§£fit;i, 

3SS7^-K7*7- > a v *3itmg7 W - K 

7*7- K<7-V > a x r**ix-pn»:A-CK*f 5 kkh 

±IE7 >f — K7* 7— K h/W^ t f 30>P>7-f— K7*7 
-KiiSv f £7^-K7*7-K{4gx f £&}g£JlL 

r £ LTffi7^-r5r£5r«Fi5:i:t-5fS*^7f5«ro 

a v = 1 — y v /K v 

ax=l-yx/{Kv (a>x + <uPI) } 

jifSvm£SrA77L Y/v^m^t r^rtH73L,, ±IE»i 
gxmtfS±lE<4gfg^-x r(C-ife-t-5J:7fr±|Eh/Wi7 

m^-t r tctscfc Y^^^±\^x±.mumn^um 

■f-5ffigid«l$ig{r*3V>-C, ±IE-f4g^x r ^A73b 
T^*©e*BB*8lllK:J:9*i|tUfc*9 f /wffi«x a £ 
rm^f/vfifx a <DWMb ^X-fr&^f^Mg. v a £ 

a £SrW7ai-5*x/Ht*)8»«IJ, S3 iWiE^/u h 

A'^ rat h/U^ 7-f — K7* 7 — K-7*-Oa t 
Lfc7w- K7*7- K Y/\s? t f Srffl73i--5 h/1^^7 
-f- K7*7- K*i<iS, ilB^x/Hiftv a (CiS*7 
-f— K7*7- K^-O-o vSr*JSLfc7>f— K7*7 
-KISv f «rW73l-53SS7^-K7*7-KlHS 
», ilS^ex/Higx a £*^gxm£(0<l^W>7:a« 
^y-fVco i Sr^*Lfc{f#Sra73-f-?)<ftga^*« 

tiLW.mftffim&<Dmt)frtb±. : gz*r t *m&v a £7 
-r- K7*7- Kitv f k<Du^w.w-vtz.m^m. 

{4g x m £ K)<B3lt±IESf^W W77 ^AP» L/tm-^t 

S> *5iT/±IE7-f-K7*7— KiSAv f £3lj$ftv 
m £ ©«*fc±Ete«J*«*«#©m#*Jto* # 
t3iSJt^^ v S:^* L.fc«-^Srta73i-5 iiitJt 
«*«»*rK»t, ±B7^-K7t7-Kh^t Ik 
a*Jt«Mt«#roa*«#i:OJDjlffiSr YMft&z r 

ffiE7^-K7*7-K^yo xSrT^-CMlje-rSi 

£ srttit £ -r 2 m%L(Dummfflmmo 

a x = a v 

YTZu-/<xft&kt£ZXolcmf8.l.1tZk*<&Wck 
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5 

flo 

[0 0 0 1] 

[»9§0>*-r x^m«^^t- 
* *tr 5 mm m& k. hi- z 0 * 

x m=G (s) • t r + G ( s ) • 

[0 0 04] MfflJ^ i ^*±4WI*««-c*>* 
SJW^lcOfejg^ttG (s) fift(Oxt2 

G (s) -1/ (J • S 2) .... (5S2) * 

G (s) =1/ (J • s 2 +f • s) 
[0 0 0 6] &fc*^l«#»*8B4 0>»«5fc:o^TBl 

^eiftttGa (s) <oe»BB»*l|LK:*<3<*f f /Htt 

v a t, ^TVHSgv a^^f^fo^^e^/^P5S* 
a a ^ftlSSLfcMW^O^^— V-Y^t-CfcS* 
J a Sr^xA-aPaS A a a ^^Cfcif^T? 
*5*7^ t a SrSlgU ±IS^^X/H4Mx a 

£^tvIo£Sv a i:^f;uf;^ t a <t£a^-r£ 0 * 

x m/ xr=xa/xr=Ga (s) 
[0 0 0 8] fcfc h/lsftt^mMtoS 0 5<D»«sfco^ 



(4) 

* [0 0 0 2] 

[0 0 0 3] B12I4, mA-tt rVrmtmOU vol. 12, 

. p. ioio~p. loiucmmcDM 1 

«*SrB»-r*«HP»*'efc«. 2 tt»j*»» 1 ©fit* 
ffig x m fe a vm^t^ 3sa^ 

ffl«-efc«o 4 x r ^A*t^r/Wif x a 

Kf/*v a k'effi' hfr? t a <h ^ttitl't^^'f 
20 /Wf ^-SJSLgp-CfeSo 5 0 5tt h/u* 

5 C 5 0 6 ttffi«*flt*-C&5o 5 0 7 ttJgltP I fltflt 

-o^xmw-tZo *?\ *j»s**iofl«4^ov^iiiw 

&G (s) £fE*T£i:, hA-^ffi^ r r *5±tWH6L h 
fctfU ft^iTO^^V^ s (i77 p 7^il : f I: 

T d • • • • (5£ 1 ) 

* [0 0 0 5] l^L4*b»BO«»»ftl:tti«*fi 

^m»^&i-^m^mmM&(D^m^G ( s ). 

(*3) 

* [0007] ::-e, Mh^^ t d^*<, ffiffii^ 
1 <Dmmmmmmmmmx^(D^^--iy^ j 

j a tc-&~tz>m& (KTtiirnsria 

ffl^TM«*t* 1 SrBfti-fttf, fiJ^M^ 1 ©Hfitx 
m t ^X/HSfi x a & i t/^iiS vmt -^T^HIS v a 

eiwtii^f^iwtG a (s) ^-sc-rso i-* 

(S4) 

*S«« 5 0 6 li^f^ttf x a t x m t tf>^§H£ 

7 te^TTVlotft vai Hi^a vmt ^Mft#tCffiH*« 
S§5 0 6^tti^^iP^fc{f^?rA^b. 5SffiitW^V 
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7 8 

Kv bm^f^ >coP I (DP I (Jfc««$» flMffcfTo *fiiflr*Sr Y>\>9^x r t L-XmirtZo 1"*fc>*> 

ggE5 0 5 tt^-x/H^:? t a iKgttflthA'* t c <D * t r £&gi--5„ 

tr = ra+Kv- (1+mPl / s) {va — vm+a>x(xa— xm)} 
• • • • (5*C5) 



[0 0 0 9] hA^fg^SSSSBS 0 5 tt_hfB£Hi-7Vl' h 
/v-* t a ttSMttflt YM z cioftft^Sr YfrtmG 
z r ir LttB^tSr iK«fc!9, SMWSt* 1 ^affl^f* 

*PX.T*J^M* 1 teWWrtZ ZLk\z£9^ mtM x m/S* 
frMiLW. x a {rii^-f 5 <fc b XcUW*** 

[0 0 10] t7^ei!HFttGa (s) ten-/-? 

ItGa (s) -r*to*,nw?^(NM4©a 

[ o o i i ] ceo X o tc. Jg i ©t£jfc&#r»i, ^-tvMk 
i§#t£Ga (s) Srnw?^fl«ti:-t-5ii:-CJt«WW 
J5ft« (ItlOHzIt) »»«*fiSr«JWL-CV^5„ 
La»U I^C< iO^^/wejg^ttG a (s) ©n — ;< 
^#ttC»#Ltt-A-Va- MSrfcJfliMLJ: 5 fci" 

st, :©t- /<— : is*.- htejEicm^mmma (*h 

[0 0 12] I13IJ, 0tJ^«#BBJPO 5-2 1 

6 5 4 own\zfBM<om2 0>fcjk&m0Mwxmi$ l Bi 
x-hz, mi 3T'teffim.ftffim<DMfflm&mmmmmc 

g&LT\ «««fcB*LT^.5. 0 1 3 (C*3V>Tia 1 
2tR|-«f*lill-»»*r*t. 6 0 Sttt-A^S-fr* 
#SPT-fo5o 6 0 6 li&g4i«S§, 6 0 7 tejgSP I « 
«^T*fe5o 6 12(lh/^7^-K7*y-K«fi 
S§, 6 1 lttiiS7^-K7*!7— K*S<SSt?fe5o 65K 

t a +K v 



t r = a 
r — x m) ] 

[ 0 0 1 6 ] M 2 oa*ft*tt±|B© £ 5 5 r. 

1 ^sa^^-^KD^^tt^gii^ xri SH4g x mi 
*t cK:J:oTlll«SiV5. *fc3Et', h/w^ 

*** 1 ©tr^iiasfit^x r fc^r-rsiiffig 

[0 0 17] L^U^5>t2©HE*g«t?tt, hA* 



(1 + mPI/s) 
(it 6) 



* 0 8 ttj$ 1 ©«£#$§, 6 0 9 Jim 2 6 1011 

[0 0 13] 2 ro^JfeStffCDft^JCOVTSiW-r 

BS1--5o JR 1 ©«#2§6 0 8 ttffigfg-frx r fc»#LT 
v r £ffl73 U S& 2 ©«#32 6 0 9 

v r §r«^LTiD5SSlf^a r £tH77 U -Y"*— J'** 

m%£6 1 OfiJPiSajg^-a rfc^*R£Lfc*J«*t*l 
->^©tf;£fiiJ a SrffcC.7^e?vi'h/W' t a Sr 

aj7rf5. 

[0014] h^^m^mW^e o 5©SjfM~oi^ 

TSiBJ-TSo hA'^»«-»*fflJ6 0 5ttffi««*x r £ 
iS«ft^ vti ^A Wiat HjSS vrnt Hffig 
xmi£A;*r*-5= b/w^lt^*SC6 0 5©(*JSBHl*5 
I^T h^^7-<-K7^-!7- K*t*f3S6 1 211*^ h 
/Is* z a h/P^^-C— K7*17— t Sr^ C 

3t7-f-K7^!7- K h/u^ t f 5rt±l77L, 
K7*7-K)WB6 1 lttilSJg^v rt^«7^- 

[0 0 15] ftf£ffiftMMRi§6 0-6 ttffigjg'frx r iH 
{4B x m t > co x Cfeff 

77 L, 5S*P I ««S6 0 — F7*!7— Kit« 

v f fc3*a«vmfc©J!«*»Cte«1t«*6 0 6©ttJ77 
Sr*D^3tft-^*A73 aSlt«WVKvia^ 
>-co P I cop I (Jt«M4W SWSrtf oTiill hA- 

b/\s? z a t ^H*® h-"'^ z c t ©«J«#Sr hA 
mtii LTffiTl-rSo -Tfcfclb h/w^}f^«*gP 
6 0 5(4tlT<OS;6CO^*tCj; «9 h/U^jf^T r ^r«» 

i-s. 

{av*vr — vm+cox (x 



[0 0 18] *7h, e*#ttr-%x5 tiSS©^(4{4 

mmzm\<\ m^*b/i>?. ms., am, t£fi©«#© 
gP6 o sttyTro^gro^^tTpiit-^So 



ft HS2001 -249720 (P2001 -249720A) 



(6) 



xr = (1/s) vr (S7) 

xm= (1/s) vm .... (^8) 
rr=aT'Ta+Kv ( a v • v r — v m) 
• x r — x m) 

+ Kv*a>x-coPI (1/s) ( x r — x m) 

a x = (av*a>PI+a>x)/ (w P I + w x) 
[0019]SlOOa xSffit7-<- WirV— Ytf 

^ a x ttlfcRjet 5 1 i JiSil-CfcSfc*, «!H»a* 
^ 1 O^^HSH^m Lfc*aftP*3PHJl-e*)« t 

tfxaWSSrfRSM-fi 1 5 0>asfflJi-C*>3 i 5 BMW** 
[0 0 2 0] 



76? 



+ Kv (coPI+cox) (a 



K9) 



k-f%k, SHI^x r [:»t5^f;*ixm^S 
[0021] JH2©«*a«-ett, iCa«A;«t: 

feo^ 0 fil7^K7t7-Wya.x?:7 

HJ*e***v*5IB»Wrofc D ft¥&MK>ffi 
[0 0 2 2] *««Wt±IE©J;5*IIB««:«Bfc-#-*fcft 

[0 0 2 3] 



• • • • (jfcl 0) 

K^^-!7— K^^5)457^-K7t7- K^V > 
*K3&f ±IE{ig^>f-K^^ 1 7-K^ 

[0024] roxntcffstttmifKis, faWfe-^ 

4Lt±E«IP*«fc*M«lt8ttlll(»»tK«^t, 

- Y7*v— >»xxmMy 4 — Yy*y—Y>f 
[0025] ^<o^m^^msmmw<oy A — yy 
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[0 0 2 6] CO*MIC««fi:1t«»S«07>f---K7 

Bt7 4— Y7*v— K^y^ h/u^^>r— Y7*7— 

[0 0 2 7] r©»Wt«5ffi«IW«l3g«07^-K7 
ft^>f— K7*l7— K^>£ h>^:7^ — K 57*17 — 

[0028] ^(D^m\^m^itLW:ummm^>y^-Yy 

*7-f-K7t!7-KWyt h/^:7>f — K^y- 
(h^^7^-K7*!7- YV^^) = mW-yj—Y 

7*7 — Y*f<< » 3 
(S{l7>f-K7t!7^K^y) = (ffii7^-K7 

[0 0 2 9] rw*W^IRS<fl[«#JW^«tt, ^ffi^fe 
jf^T r Srffi^U ±ES*tt«xm*±|Btt«»*x r 

«t 9 ft> Lfc^--7vW£il xa^: (^tvWSS x a 

s ^^mmz±m$mttM<D^ 

a ^T^fiix a tHISvmt^filxmt^A^ 

u ffigit^jy^ x tm&&m?4 v t-tt«a 

i t bsl"?74— Y7*V— Yf-tls* z k 
Y7*V— Ytf^lsa v b\uM7 4— Y7* 

:r=aT'ta+Kv (av-va — vm)+Kx 
• (ax-xa-xm) +K i (l/s) (x a — x 
m) 

s : y^y^mW^- 

[0 0 3 0] ^<o»M^ffi<5ffi*1l!MW««Oh/w^Jt« 
8t*8Btt, ^"f)VY)V^ T a K h/l^:7>f — K^*!7 — 
W>a t &3k&Ltz7j— Y7*7 — Y h/ls? z f 
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Srffi*i-5 h^^7>f— K7*I7— K*«», ^ex^ii 
Sv al:»«7^ - K7*17- K^>avS:Sltfc 
7 >f - K:7* !7 — KM* v f ^ttl^-r ^itS^ ^ - 
*17-K*««, ^f;W4fxaW4t7^-K7t7 
- YV4 >ax Ufc? — !7- Ktt« x f 

Six a fc*ffi«x mi Lfc«*«rffl*i- 
±B7-f-K7*!7-Ka*v f £HM 

x f il^«xmio«a6^&«it0»y>f ^KxSr*J| 

±B7-f-K7*7-Kh 

[0 0 3 1 ] r<05SM^«5ffi«»J»K«^ W^Jf^ 

*tH*-T5 h/^^7>f — K7*17— KilMiS, ^Ao* 
igv a tCigffi^-f— Y7*V — Wyav^iSU 

7-f-k:7*!7— KiSSv f &mti-rz&Bt7'C-Y7 

*!7- K«*y>r^i5 xSr*Ilfc7-<- K7*7- K 
ffi«.x f «ra*i-5ffi«7-f-K7*l7-K(S«». ^ 
TvMftltx a ^ US! x m ^ Ofii^ b±S7 ^ - Y7 
*V- Kfitx f SrlW|tLfcflr**r«»Ufcfll#*a* 

-r*ffi«a^», ±iB7-f-K7*i7-K3**v f km 

40 a x = 1 — K i - ^x /K x 

[0 0 3 2] ^©»BBK«4ffilllWWaS*«>h^^*S* 

K^>f >a x*m&-\.tz7 4—Y7*7—YYM t f 
Srffl*-*-* h/u^^-f— K7*I7— K*«», ^x/^ 

*v a |Cij«7^- K7*17- Kffi«y>f vSr^S 

^74 — Y7*v— KiSffiv f ^f±i^-r^issy^- 

K 7 * 17 - KffittS* /W4« x a tCteg 7 4 - Y 7 
Yi&m?-! > y x £rfH» Lfc7 -< - K^ 7 * !7- K 
Six f &mX1rZ&W7j-Y7*7-Y1&m&, ^ 
50 7vH£fi x a t milLS x m t ^liWil^ V co x 
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met v a t vmt <omm^±mi±mmm^mti 

■i > a) P I (O P I (Jt#J«#) ft* 4rffo tigfii h 

t c&fflTj-fSiggp I«SH5rfii, 
K7*y- Wy a v^±tmt7^- Y7*V — Y 
W> a x f«;ft,etxft3;T*^:5£-t-5 i 1 1 ±157 
■<~ Yy*y— k t f >i>p>7^ — K7^-i7— KjS 

«v f i^-K7*r7-Kftgx f i:^*Lfcm-§- 
t'gHSIffif hA^ t c £7jD*L/Uf-S§-£ h/i^Jf-$r r 

a v = 1 — y v/K v 

ax=l-yx/{Kv (ox + cuPI) } 

[0033J ^(ommiz^umummmnt. H-m*<b 

xnu )tft^tii{f-§-T*fe^ HitS vmt SrA^J b h/W^ 
tg^-T r£ffl73U ifEH&gxm^ifE&gif^x r 
K-StTS J; 5kl±!E b/l-^m^z r (rj&Cfc 
^^L.T±fS©J#^$rSiJffl)-f-5{]igaiJ^g^i3^ 
T. ±ie<£gSHrx r SrA^L-CM^roeaSBmft*^ 
<fc 9 ft* Lfc^-7vW4g xai: CD^-rvWig x a <£>$fc 
#{f-^-T*fc5^7VH^£v a <t i (D^fjV'Mgt v a (D^: 

-5|ft*glk feitJ'ifE^/'Wh^^ tat 
K7t!7- WVa t »Lfc7-f- K7t !7- K 

t f ^tti77-r5 h/w^^^- K7t7- K*t*I 
51, JhfE^TVWjigft v a \Z.^My -f-K7*7- 
>a vSr^Lfc^-f — Y7*V — YMS.V f SrttiTJ-f 
S&S^-f- K7^-!7- K*t*I3^ ±lE^TvHftgxa 
t^igxmtCDfBMWigffl^y-l'^co i ^*Lfc 
ff-§-5rtti77l-5ffiga^*«S§, ffig«^««5fWUJ73 
:*>?>±!E*-7VHgSv ai7^- Y7*V~ Kj£* v f 
t <7>fi^£M* Lfc{f L7tif -^SrffiTO-r 

ilE^TvWig x a i H&g xmi WMilt±IHiBI 

^s^mTj mm ^ttm^mw.'f^ 

{f ^ £ &t)-f 2. &gtt;0i|*t«!# , $s i U?±|E 7-f- K7 
* 7- KiSS v f £ Hi$a v m b (DUW,c ±MfoW.itffl 

£<E>7JD*«£ H^^m^-T r t LXttiti-rz h^jg^r 
ft*SB£iI;i, fi7^-K7t7-Wy a xlrT 

a x = a v 

[00 34] r ro$PJ3^5&g»J^g<7^7vWf 
ft*gCli, i<r>$Lm.^frh*7MiLW.-£.X'<Dfcm<>ft'& * 
xm=G (s) • x r +G (s) • 

[0038] *.tz, umnnt. i t^^tmmmmxh^ 

tLtzm&. fflfflftg. 1 oeit^ttG (s) «ftcD^2 



* tfSjfr £<75 ft im±£# s> K-rSn-/N'^!|tttt^SJ: 
[0 0 3 5] "(D^BJ(C#5ffig$iJ^g<7)eg}f^-5r 
^/W£gro&«#£«^1-£^/Mt^-ft*glk 

*5 «fc 7 - K-^ S> SiOTSP t7-f-K7*!7- KflJtfP 

35i:£*U ;:cQ^/Wf^ft*gB^ib<7> ; e7Vi' hA- 
*\ ^vvHiS, ^^u^gcD^f-^-tilSSiJffli^*© 
&g&tWf-§-T*£>Sllteg, 

-TZ h/w^Jg^-ftWSB^iix:, ±IEH{4g^±IB{4gm 

^ ±m7j- Yv*y- Yvmn\t. v^^y^—Y 

20 7^7-K^V> Y7*y— Yf-i^mi. 

zmSyj-Yy*?— Ytf4 \/frht3L%7 4—Y7 * 
7~Y?s(>ZfR7£irZ>^&$:ffizL, fi>-o, '>4<it) 

±mumy-(- Y7*v- y?4 >tt i w^wttt^ 

[0 0 3 6] 

30 ^T-foSo 2(4©J^^lcO{4gT-fe5Hfi:gxm^ 

m-rs&g&asg-efc.So 3 [4H{ig x mro»^m#T' 

^^fiLgfa^p x r 5:A73 U^^/Wigx a t^-^^S 
v a t^E-x^ t a t frttlTJ-rS^-^Hf-^ft*^ 

xh% 0 5i$b/i>?m-$m»nx-ibz> 0 6ti&m.m^ 
-efeSo 7 temm&mffimm , 8 9 

«&ga^-«ft5§T-fc S„ 10lih/^7^-K7t!7 
- Kit l l tliiS 7 ^ - K 7 a- V - K4MH3 , l 

'o [0 0 3 7] »CC3li£<75^||g 1 Wti^l-oV^TlftPJ-t- 

ifc-t-S t L7t4§^\ ©J^l*t^lcoea#tt^G (s) t 

&gxm£<7>llg«!4&<D5£l T'^^tl-So fc^cb, ftS; 
*5i^Plt*;^T s tt7^7^ft*^Sr^-To 

x d • • • • (it 1 ) 

;o "7-— V-vC-feS, 
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G (s) =1/ (J • s 2) .... (5£ 2 ) 

[0 0 3 9] L^Lft«&||KOffill^lK:M«tt# 

G (s) = 1/ (J • S 2+ f • s ) 

[0 04 0] ftK*^yMt#»|WB 4 ^lbf^«rRn-r 

*4«4Ga (s) (Dfcmmmmmzm^x^TMzw 

yvHtft vat ^yvl-iift v a <DWft\t ^Xh 5 ^ « 
A^DilS a a U SEfc^rVWi #atlFA4 ttf* 

Ga (s) =1/ (s +co a) 2 

xa=Ga(s)*xr 
va = s*Ga(s) • x r 
t a=J a ■ s 2, Ga (s) • x r 

[0 0 4 2] *lch^^a^«»«B5 0»m!:ov>rK 
Mi"5 0 h^ft^JMHBSWt^/uh^ t a ^x 
vat ^7VW£g x at HiSS v m t Hffifi x m 

?7 Yy*v— K*t«« i o ra^-Tvi^ h/u^ r a ^ 

7*7— YYM z f Srffi^U T&&7j—}t7*7 — 

K*t«si i w^efVHtttv a tciaa^^ — Y7*y— 

W>a v %m£lt7j— h*7*7 — K3S*v f £rffi 

[0 0 4 3] ft 6 te^yvHig x a 

Tr=ar'Ta+Kv ( a v • 
Ki (1/s) ( x a — x m) 
[0 0 4 5]St h^«*J*JH&5tt, hA^y^ 

-Wya t *£:7-f — K:7*!7— Kif«»l 1 

- K7 * 17- KJMUR 1 2 X 9 W&7 4 - ¥7 * !7 - 

k^v >- a x sr, x&tteyttM 7 ^ j: o mmmi^-c 

&Bffi#*S«S9 J: Dffi«tt^^>r >-K i 
-T5fc«>, h/l'^ 7 >f - K7 1 !7 - K^>f y a t i SS 
7^-K7t7- v t\iLW.7«<- Y7*7 — 

VK v *5±tfffi«Jt«y>f >K x $3 iUtiS^^ V 
K i taScfcK3er*ri:^«B-efc5 0 

ff-OK i iWLT7^- }*'<y9#<{ZsbWXf, 



75 

(s) ttRO*3i:*5 D 

• • • • (A3) 

tJa Sr^^jDiStf a a fc* CfcfB * - Cfc6 J *f f /l' h 
t a SrfllgU ifEco^TvWSfix a ir^TvuitS 

v a ^xa- Wtai *m*"t*5o ^^Hgawtt 

Ga (s) te09;itf&<£>3;i l©i5*2^P^ 

• . • • (All) 
* [0041] ^±(Dmmc x r> ^Mb^w^'a xn 

wTtf>Ai 2, sci 3, si 4(Dfcmm&Wimzftor 

• (Si 2) 

• • • Kl 3) 

• • • Kl 4) 

lV«7tt7>r- K7*17- KISv f v m <t £>{g 

^ *^attJfc«^ >K v £31 U tegit 

immftrnm^ 9 e ©u*flr*KttiMK> 

\$7 4— Y7*V*-YYA>9 x f t £*Jfcfll*t«» 7 <£> 
£ffi«Jfc0Mt«# 8 9 <7>fcti 

[0 0 4 4] iU_b<£> <fc 5 J-W^-r 5 r i «9 h/^^it 

) 5 IS N ^f/Ufil x a , ^X^iia v a , -^X 

v a — v m) +Kx ( a x • x a — x m) + 
• • • • (S15) 

x^»tt7>f-K7t7^ Wyiff-So 

[0 0 4 6] a»Ttt«**Mfci*sc;i'tf«s*t 
j a £*j«»*itf>>r -#—5/^ J**— s-r 

[0 0 4 7] mi\Z.&^X7 j — Y7*7— Y?4^a 
so [0 0 4 8] Ifcfc Y^^m^mMU 5 tefeW 1 * 7 >f-K 
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v, k x> Ki^m o 4*$, :^)Gt (s) tt, 

e^#ttG (s) ir«»i-5 7^-K^2/^1H«i3R^e 
MttCb (s) i:*»b£JlToa;»-J:9**ft5. 

Gt (s) =G (s) / { 1 + G (s) • Cb (s) } 
OGt (s) £Gt 1 (s) ^lEa^TS^ Gt 1 

(s) tt?fc^>a;i 6 £4«. 

• s 2 + K x-s+Ki) .... 



[0 0 4 9] 7>f-K^»^WyK V> Kx, Ki 
tt. Mr dCMLTHfilxmifitS^x r iOg 
«©S»*45^<</hS<ftaj;5KK«i'S. ill: 

(s) tfBafifSt, Gt (s) (&*^ s/:/Jfc«(D«Bg 

Gt (s) <D*7-y7l&&i>K jE£>#fp]#: ttlC^Sb LT * io 
G t 1 (s) = s/ ( J • s 3 +Kv 
(5tl 6) 

[0050J Rfc7"-f-K7*7-W^OT, a 

-SC^Sr^i-o 1 3H:7>f-hV<y^#JW»-C*>« 0 1 

[0 0 5 1 ] mem 3 ^*i--«tt4 2 g A&fMtPXa 
S6^ov>TRM-r5o 7>r- KIWI 4 

ttffi«*B*x r ^a^jlc f (s) <D&mmm*K£ 

•9 7^-K7^7-Kh;^T f ^t§ 0 7^-K^ 
C f (s) =Ga (s) • Gf (s) 
Cb (s) =Kv « s+Kx+Ki/s 

Gf (s) = (a : • J a • sHa v 
/ s .... K19) 

"CfcSo 2 owi5^7^-K7^-7-K * 

W^a:> av, a x <D^T£ 1 £ ;}ol^e:^&-<£>G f * so 
G f 1 (s) = ( J a • s 3 +Kv 
(S2 0) 

[0 0 5 3] ftfc, K7*!7— K h>^ t f 7$>«b 

xmlt^USGi (s) ^<ICtfc5o Lfc*So* 
xm/x r=Cf (s) -Gt (s) 

= Ga (s) - Gf (s) - Gt (s) .... (j£ 2 1 ) 

[0 0 5 4] KH^^TGa (s) te_t*ii<£> ♦B x m^X*(D^^h^M^m^^^^fc^m^ 

X *^Ht#fl|[JHB4-(Oe*«H*Ga (s) T'fc Gf (s) -Gt ( s ) ^jS^*«jE-T S#tt i 4 "9 , 

9, in*o-/^«H4tt5wifcJ:9, ^Wlt <° :©Gf (s) -Gt ( s ) oei«H4fiS l 9 J: 19 jfc 



*^y*«IIHH 3tt3WMxmtA*LCb (s) cofe 

6 0 mZ<D2&&&Mm%X*\'£'7 J— Wit?— Kh/V 
^ t f t7-f — K^sx^ hA^ t b^fp^: h^^Jt^-T 
r 4: LTSJ#P*f* 1 SrBBrrSo 

[0 0 5 2] Hl(0^'7 f /MS#Sl**fB4*5«tVh^^fg 

❖&J£gp 5^13 *>-«W4 2 e A AlM**f£«H«Hfc 

t5i, 7-f - K7*7- KMWl 4©fil»ttC f 
(s) *5±W7>f— hV<2/^IW»Bl 3cO>£ig^ttCb 
(s) 7*5«tt5S:i 8T^$tb5o 



(*1 7) 
• K18) 



K v 



sUax • Kx • s+Ki) 
(s) tGf 1 (s) £*5< 0 



2 + K: 



s+Ki) /s 



ttJMB 4 ft J: VffiW^rft 1 c9JS^<£>5g $ SrK^f 3 
-CfcSo *fc, *t2 l-0*£ix5ffi«»^x r^fcj|{4^ 
G f (s) • Gt (s) = (a t • 
+ K i/s) • Gt (s) • • • 

[0 0 5 5] ±!EcOit2 2 i 9, G f (s) -Gt 
(s) ©**ttH2K:«Ufc^aiS»GT (s) ©a 

Jfcflk «$h 2BHS^o«?#Oj|ft«ft4:45 0 H4 
(CK i • G t (s) / s x Kx • Gt (s).Kv-s 
•Gt (s) n Ja- S 2.GT (s) (DX'ryT'foig 



s + a x ■ K x 



CDS: 2 2 t45p 

J a • s 2 + a v * K v 
• W2 2) 

£\ 7-f-K7*7-K^>fVaT, av, a x &±X 
litSiGf (s) -Gt (s) liGf 1 (s) -G 

Ti (s) t4 5, ±iEcofftpj*5<t^S:i 6 tS;2 o«t 

•9, Gf (s) -Gt (s) 0>e**HSfctt 1 IC-fH- 

5o 1"4;fc>*>* l4i:ilf:4o(7)W 
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W>at, av s axte, 1 SrSVfcKJgi- 5 t <0 

10 0 5 6] ±i&<7>«fc i^ftWSEtttiictt^ 

/HBJfeWSfcft, Gf (s) -Gt (s) <DJ&®m 

Hffi«xm*"C(OJcS« : Ht±IEOS:2 Si 
1 tC^ Lfc^/WHSSG a ( s ) <0JS*JSj£Sa) a £ 

* $ ft 5 it ft, ^ryvWSfi xat Hfcg xmi: 0>K£g£i 

*««»o) a Sr3ElC/h$ < LTKHSrffi«L<fc 5 £^<5 
IS 1 ©«*S«T?lftW Lfca 5 , *^/KOJ6*«* 
3Sfco> a Srd**5/hS<i'5ieaf*#6fc«>, 
ffif<£x r Rl^6JlffiJtxmO***^*9 3I< fco 
Til 5o 

[0 0 5 7] K7*!7-K-y 
^yax^U^lCfci^ Gf (s) - Gt (s) 

x-Gt (s) <0jfc»fc (1-ax) SrJftDfcJOBSrJ* 

Kx, 

x moje» *inrt 5 r ^ a* nrigfc:fca 0 

[0 0 5 8] Mtttt* 1 ©^^H»SSe&4^tt« 

5rtlClJ:t), Kx, Ki 

LT\ ft5^<<a<»«S*5^4:j8SBriBlcft4 0 40 
[0 0 5 9] 0 2l:*LfeJ; K/<y 

^WVKv, Kx, K i ^iiSoWfiE-Ctt, ^SUS* 
Gt (s) <DXTy7j&&fttt&#JEto&fa<DMZI&& 
ftffif^x rCtt^Mxm^S^i- 

7*17— K^Va vfeii; h^^7-< — K7*!7— K * 



♦ WyotfllKlSLfcSS, ax«r/J>£<2Effc£ii- 
fc^Gf (s) - Gt (s) <Dfc&<D&it<Dlfc** 
^i" 0 0 5C/TltGf (s) -Gt (s) tf>/S«W2E 

[0 0 6 0] *fc, ±|B"Cttffiit7 >f-K7* 17 -K^ 
10 ^ax^tt&/h£<^5£Lfc^ D5fC^L/c{ig 
7>f-K7t7-K^ya x*ftt£l ±t)/h$< Lfc 
i^Gf (s) - Gt (s) ^T^ail B#^J 

* 17- K^>T ^ottlt!)/W< Lfc**S»»1MS!i 
****#<ft5»J»»IIB©ffllBteoft3»5. 

[0061] r rr% mffilS^- yy*y— yy 

^yav^J<Ucr<!:(a5Gf (s) -Gt 
(s) (D^"ryf]^^<D^:\\L\X. |40Kv • s - Gt 
(s) ^«®^S*Sr»»tfcfc©Sr«C*ri:fc*9, 
*fc F;^7^-K7t7-KWVa rSr/h*< Lfc 
I^Ci^Gf (s) -Gr (s) ^f^7')SS^ 
i4C0J a • s 2 «Gt (s) 

-fifo^mtx^ ^mn\zm&y<<-yy*y-y?'<^ 

a v^h;^7>f-K7t7- K^Vo t «r/h£ < ^ 

^o^^-t-^o ufc^oT, K7*!7— yyj is 

ax. av, ar^, *«ftBBfll*fe»fc** i i K ± 

[0062] ^{^, ^ro-^iit \^xy j — yy*y— K 

ax = av = ar .... 2 3) 
[0 0 6 3] _hfE<E>5£2 3^B8«S:itfc^rT7>f — K7 

^Gf (s) -Gt (s) <Dfcg\*^ S;2 3 <fc *)fr<D 

S;2 4T*$ttSo 

1 ( s) • G t ( s) +K i • (1 - a 
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x) • G t ( s) / s .... 

-tt£t>h, of i (s) -gt (s) <D&mmm*i\z 

jfi^£>T\ Gf (s) -Gt (s) <£> * ^ s> 

Gt (s) /sO«»Sr«*ffiFUfcfc<Di:OSiK«4 0 
H 6 [C s G f 1 ( s ) • G t ( s ) 1 t 

-Y^a x§r/h$< Lfc»^<75G f (s) -Gt ( s ) 60 
^xy^lS«co^bS:^i-o ioXftO«^J;D, Gf 
1 (s) - Gt (s) »Mt-/<^>a-^ig: 

Sfc-ooX7 ^ - ^ a x [: J: S jB»4il^ 

[0 0 6 4] fttC, — «£ LT37>f— K7*!7— KM 
>ax, av, a t Wfc<D5t2 5 <©BB«S:»fc*fc»fr 

MM!-*-*. 

av = ax2 > ar=ax3 • • • • (S2 5) 
[0 0 6 5] ±te^2 5(^B8«Sr«Ffcii:T7>f-K7 
*7-KW^ax, a v. a t £: 1 rt^Ah £ < Lfc# 
nOG f (s) ttTa-C*S*t«. 

Gf ( s) = { J a • (a x • s ) 3+Kv - (ax- 
s) 2+Kx -ax- s+Ki) / s 
Bl 7 G f 1 ( s ) • G t ( s ) (Dfeii^tt^ 1 £ 
U it 2 5 (Dm&*$fti-&tc±T*'7 4 ~ h*7 K^ 
-f^axH^Lfcl^Gf (s) -Gt. (s)CD 
*xy://£Stf>£fls&^1% HoJEftOt^iO, Gf 
1 (s) - Gt (s) W^^i/a^hSrgr 

-r^^^, ^2 5<DM&*fttttz±x*7 4- yy* 

17-KM^ax, av, a t fc/h* < SCfe± 

[0066] mmmm 1 «jk±<^> j: 5 K«j*-t-a - 1 

KM>-a x^m&y^- yy*y— km is a 
v fcafi^*»ojtetjt«M v , &sjfc#]M >k 

x, &B«#M i l K*©tfcRgT?t 

*^h^7^-K7t!7-KMyaT^a 

!7- KM > a x 1 SrSqWc.LT/h* < MUSI'S £ 

[0 0 6 7] *16o»IBltt7^— K7*7- K 

ia*7^-K7*17-Kit#g«i 1 tffil7>r-K7t 



i2 



W2 4) 

17-KHMW1 2fc«;L, 7^K7t7-W^a 
t % av, a x SrSV^^ffliEiC, )5>07 >f — K'* y 9 # 

fcft. 7^-K7t7-K^yoT, av, ax£rl 

So 

[0068] s&k:, mM<omminy^-Yy^y- 

io KK^S*-CfcS K/u^7>r-K7^!7-Kii(i«l 0 
k*«7^-K7*7-K«MHIi 1 ^M7^-K7 
*I7-K*«lll 2 SHU*. 7^K7t^Wv 

ar, av x a x^7^f- K^^^^yK Kx, 

Kt6:^aot, yj- yy*y— KM>-a 

t, a v. a x S: 1 a x TH 

20 [00*6 9] S&t, mM(Dj&m l tt^^Ht-S-i*** 

4 ^*5^5ffi«*g-frx r ^^,^7/Vfiix a SWUf 

K»«5*^fc*{t«7>f-K7*17-K*«»l 2£ 
§X.fit7^-K7t7- KWyax^l^ffl: 
IS^-CtS^:*, ^f^gl#ttGa (s) ^n-/^ 

KM^a xS: 1 SrS3ilcLT/h*<!»WSEi-Sr 

[0 0 7 0] u^Komm^mm i <7>RM-ef±, K 
5 jji*5v^t h/vfyj— yy*y— K* 

4 (D>giiH»«*T\ ^ef/Wt-^J a 
J ^ K7*!7- 
W y o t «r*i:fc*Kt5 J: 5 K««U"Cfc, 

[0 0 7 1] «Atf5S«Jt«*flt*8©a^4 4f 

ft* d - /^»tt i 1 5 ^ i I: i 5 < , ±i&b 

[0 0 7 2] mi&(DJ&m 2. 08 teHJ&^fi 2 f^fil 

so [0 0 7 3] 1 0 5ttK/V^lt^iR*85tf*>So 106 
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Htffi««»»-ejb«. 1 0 7tta£J*W*Mt*. 1 0 8 

wmitmmm^ i0 9ttffiia»«««-c*i o i 

l Of* h/i^:?^— K^^-y— K*H#», l l 1 ttiSS 
[0 0 7 4] El 1 tz^k LtcmMVftm 1 ^fi^-r /HS« 

[0075] m^mm<omm 2 ottmzo^ri&w-r 

1 0 5 O»m-o^TR0|-*-5o h/l^je^«3WB 1 0 
5f^^x/l-h/^^ t a (ir^T/bMv a ^^f/Wifx 
a^iSvm^fifxm^AM6o h^Jt^ 
0 5COrtgp^*5^-r h;^7>f- K 
ittllil 1 OH^hW t a K 7<<— K7> 



i>4 



* Ctz7j-Y7*7- KiSSv f SrtH*U ffi«:7>f — 
K:7*!7- Kffi«»l 1 2 JS^yvH^ftv a l:ffii7^f 

[0 0 7 6] m^HLSm^ 1 0 6 te^yvMSSx a £ 
HffiB x m t <D«3SjB» & ±IS(7){iS^ ^ ^ Y7 * V - K 
<g«ff^-x f «:«i:fcfll**:a»Lfc{l*«rm*L, iS 
«Jfc0MMt»l 0 7tt7-f-K7*l7-Ka«v f tn 

mtf U {4Bit^Jffi«S l o 8 fS^x/Wi« xai:»i 

b x m t (DmmzftMitvMfj >-Kx&m ttcm^&m 

£) U {4S«#**«^ 1 0 9 ttffilttt^* 1 0 6 (Dfttl 

^*g^SIIISBi o ste^-K^y-Kf/i^ t f t 

XA^MMMB 1 0 7 © a* ^ftBit «IM4t# 1 0 8 <D 

mtit&mmftffim&i o 9 t©m#©*w»** 

*§^t r i 1 1 5 ^ i 9 Mff^ft 1 S:M»t 

20 [0 0 7 7] «-t£>J: 5t-«/£1-5-it-J: , 9. hA^ 
*B<£Si£8B 10 5 ja^TvHafi x a „ ^TVl^S v a , 

yvioiSv a WiS:7>f — Y7*V— Ytf<< >a v SrlR * 5 e 

Tr = o:T-TaH-Kv (a v • v a — vm)+Kx (x a — x m) +K i ( 
l/s) (xa-xm-^x-va) .... (^2 6) 

[0 0 7 8] C^T\ tf/HttvaOa^f/Hl ^«#<D&7t;-e«g> -5 i 5 »C* 2 6 tr**|-f« t , #C<&* 
«xa-C*)5fc», flW*M^ fcf, ftfiO* 2 7i45. 

t r = a t • ra+Kv ( a v • v a — v m) -h K x { (l-Ki • # x/K 
x) xa-xm} + Ki (l/s) (xa-xm) .... (5*127) 

[0 0 7 9] UfctfoT* fif7^-K7t!7- W +<om*t±<mC\Z&Z> 0 
>a xmoS2 8T^it5t, -hf20^2 6 (Dm a x = 1 - K i • 0 x /K x .... (^2 8) 

SfmJS^JglO ^^«***W5K*3tt5a;i 5* [0 0 8 0] 

r r = a t • t a 4- K v ( a v • v a — v m) +Kx (ax-xa— xm) + 

• • (SCI 5) 



Ki (l/s) (xa — x m) 
[0 0 8 1] *fcffi«7>f-K7*!7-Kfi*y>fVi8 

-Ka^^W^Kv, Kx, KiH4ii:^«l 

[0082] ±ib<& ± o \cmf&-rz>- t\zxy y mm<D 
mm 2 \*mM<oMm 1 ra«<©»*fc«rfe , 

fc, fitfi^x rjftS*#<<toTt>ffi:11Jt«!l*lflr*l 0 
»t^»ttas» fen*. 

[oo83] m&vmm 3 . ia 9 3 ^^j® 

^Sr^-r^nj/^glT'feSo ID 9 t^tev^Tia l t flF 

[0 0 8 4] 2 0 5 » h/W^je^ifclfaJ-efcSo 206 
ttffi**t«», 2 0 7 (iitftP I ifi^fc^o 2 10 



tt Y7*v— K4HI«, 2iifii£*7>r 
- Y7*V— K*t*»-cfc*. 
[0 0 8 5] ikizmM<Dj&M 3 <7>»f^teov^rRWi- 

2 0 5O|im:ov^RBt5. b^»^»*»2-0 
5 fi^-y^/W h/l^^ T a fc^yvHtgE v a <h^x/WSBx 
a^Mvm^fiixm^AM5c h^1S^ 
mW&2 0 5<Dft&tC&\,^X Y}\s?7 4— Y7*V— K 
ti*I§§2 1 0te^7VU h/W^ t aC h/^7^-K7t 
7- r &mtft7 4— Y7*7— YYAs* z 
f£rttJ^U ii*^ 7 ^- K7^-7- K*B»2 1 1 

K7^-!7- KiS*v f'Sra*i-5o 
[0 0 8 6] Sc^tefittfttS 2 0 6 tt^r^fx a t 



ft US 2001-249720 (P2001-249720A) 



(14) 



25 



26 



v f i nig* v m t (om8*\ztiLjmm» i o e tata* 
^ co pi (dp i (&mm#) »jrfefTor»36*t«b^ 

Tr=aT-ra+Kv (1 + wPI/s) 
-xm) } .... (S2 9) 

[0 0 8 7] r^-C\ ^^itft v a (Dmftltt'rMiL ««5>©»:7cT*««)5 «t 5 KS 2 9 SrSEtft-TS t > ft<£>S 
ttx aT*&*fcfc % {H-^^ 5iS> {4gtf>*< 30, S3 2, S3 3 i#5 0 

rr=aT'Ta+Kv (av*va — vm) + K x 



{av'va — vm+cox (xa 



(a x 



— x m) 4- 



( x a — x m) 



(S3 0) 



K i (1/s) 

Kx=Kv ( o) x + a) P I ) .... (S 3 1 ) 

Ki=Kv-o)x-o>PI .... (S 3 2 ) 
a x = (wx + a v • coP I) / ( a> x + co P I ) 
[0 0 8 8] ±fE<£>S3 l x S3 2, S 3 3 19 , S3 

La»Lft#fe, K7^-l7— 
*S^2 1 1 t^ttSiiS^ — K7t!7- K^ya v 
£l ^ t 9/h$<t'5^i:^<J:^Sl 5 

fil7>f-K7^!7- K^V^a x tm&7*- 

y ^^ytfcSfirfW Va) x ycoP I t 

>ov^S<t5ii|:J;otfi:t7>f-K7*7- 

[0 0 8 9] *fc % XMttjROflMft#iK(c«tLTM:, * 
/HB»«H4Ga (s) 0)S»flifi«:fl)aS:/h*<t5^ 
[0 0 9 0] «±co J: 5 fcWjfrt-* r £ fc: ± 0, ^JE^ 

»J8 3 fcW£«Jg<fr x r h^rMtLW- x a * T*<£>eig# 

-f - V7* !7- ^R«B*l?fc5i*«7 >f - 
*!7- KifBS 2 1 1 l:ioTffif7^-K7t7- K 

[009 1] mM<otem4. mi o&mm<w&m4<Dm 



[0 0 9 2] 3 04 tt^»**6>ffill»^ 



• • • • (S 3 3 ) 

T^fitx a t^x/^5iSv a t^"f/^ h/l-i? r a 

U*"r5 j e9*AHt#ailMB"e*>5 0 3 1 3tt*l©»» 
»-C*><5 0 3 1 4|j:l2 0MStfe5o 3 1 5fcM^ 

3 0 5fi h^^»-*«»*-Cfc 
5 0 3 0 6 FittCttflH*. 3 0 7 naftp I ifST^ 

>5 0 3 i oteb/i'fyj'- V7*y— K*(i», 311 

ttiSft7>f— K7*17— K(S«Si, 3 12ttttt7-f- 

[0 0 9 3] *fc*lK©»j|[R4©tbf^*rRWi"*. ^ 
/WB#»JH» 3 0 4 tt(ffifli»^ x r Us ft 1 <OW 

»S3 l 3lifil^x r *r*£LTaueMrv r £ttt 
*U »2 CD»#S 3 1 4 ttftftS^ v r LT*P 
iSAJf^a rSrtttfjU -J— 3 1 5 ttiP* 
SJf^a r |:f ^LtSMt 1 ^t^^t^S 
^fiEj a SrJRCfc^^l'hA'* x a ^ffi^i"5o 
[0 0 94] £JL±0»f^^ ± «9 ^t^WI**** 304 

■eiiHT©s3 4, S3 5, ^3 ecoBmmmmw-^rf 

x a = x r .... (S3 4) 
v a = s • x r .... 35) 
ra=Ja*s2"xr .... 3 6) 
[0 0 9 5] ±|B£>S3 4, S35, S36J:«9, SlJfe 

<Di&m4 Kisjts^e^Wi-^atJicSB 304 r±, mm<d]& 
mi ^^tt5^r f /Wf-§-si*a3 4^^v>r, -^x/^ig 

fittGa (s) fcl Lfcfc<0fcteft&ftV\, Lfc*o 
T^fiiftttGa (s) »n— A<*4#tt«rl*fc2fc^ 

[0 0 9 6] h/U^ffi^Sill»3 0 5 0lb^t-oVN 
TlftP^-r^o h/l^m^jagffl53 0 Stt^h^ t 
a ^t^Mv a ir^f/Vfifx a irHjSSvmi:!! 
ffi«xm££A^-r£o h^^»«*JI»3 0 5<Ort« 
{Cjo^T h/U^7-f — Y7*V— K*H»3 1 0^^ 

*Cfc7^-K7*7-Kh^t f SrW^L. 3S«^ 
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4—Y-7*y- KffittS 3 1 1 tt^TVHSS v a 

yj- Yy*v— Kfi*^-r^v v&mctiyj- Yy 

*tH*U — K7*!7-K«M»3 1 2te^rx 

/W4Bx a^ffl:«7^-K7^17-Kfi«y-<V7 x£ 

[0 0 9 7] ft£ffi»Mt* 3 0 6 tt*^/Htt« x a t 
*<4g xmi o> x «:* Hi 

t) L> SSPI 3 0 7 tt^TvHIS vat J£3gS 

t r — ot t • t a — y v • v a - 
a — v m-f co x ( x a — x m) } 

[0 0 9 8] r r.T\ ^e^/i^iSS v a <z>a#te-t rVi'te 

fix a, |li$a[vmOa^tt||ffi«xm"Cfc5fc«>. If 

Tr = aT , ra+Kv ( a v • 
Ki (1/s) (xa-xm) 

f:/:U 

Kx-Kv (cox + cuPI) .... (S39) 

Ki=Kv-cox*coPI .... (S4 0) 
av=l— yv/Kv .... (^4 i) 
ax=l— yx/Kx .... (^42) 
[0 0 9 9] Lfe^ot, ««7^-K7*l7-Kffi« 
*3 1 ltl^^-h^i-^-KE^Wv v£|£ 

tizt y>®My<< — }ty*y~- x tas^M: 

[0 10 0] *J6©««4 tt«±<Z) J: 5^*^+5 

ffif7-<-K7^!7-K^ya x*rii«:7-f 
^ 7 ^ - K7^- > a t ^7 >f - K7 1 17 

- W>a i (D^x-hiiLWy j — Fy*y— Y 

W^a xSrl MfllKlLT/hS <«■«■♦•« ifcfc± 

[oioi] *fc, %Jb<zH£flR4 i*yj— Yy*y—y 
K£g*-C*>3 Ny^7>f-K7*l7-Kitffi»3 1 0 
£itS:7*-K:7*!7-Kffi«»3 1 1 HSB^-K 
7^7-Ffi«S3 12S:«^ K:7 * 17- 



A#U MSitW-YVKv iS^^fflP I <0P I 
S Q h^JB««IHfB3 0 5W:7^-K7*l7- 

t f frh&&y4~Yy*y-yfcWfs J %v f 

* 10 

yx-xa+Kv - (1+wPI/s) { v 
• • • • (5t3 7) 

0, 5t4 1 £&5o 

v a — v m) +Kx (ax-xa— xm) 4- 
• • • • (S3 8) 

[0102] mm<omm 5. an nmm^mm 5 <dm 

[0 10 3] 4 0 5{ih^S^«*SBt?fc5o 40 6 
4 0 7 f*iSAJfc0M*«S* 4 0 8 fttt 
BifcWf&«3§> 4 0 9|j:fifa^i«^fe5o 4 10 

[0104] RfcHifeojBllBsoib^ov^'ClttWi" 

30 5 fi^E-^/l^ h/U^ z a t vat ^ TV Will x 

a^Itvm^fitxm^Am 

*iMB#4 1 ott^h/^ z a\zY^?y 4 — Yy* 
V'-Vff'O* x^m^tz,y 4—Yy*y—YYM % 

f SrtilrtU mg.y j— K7*7- K*«*4 1 ltt* 

^7^-K7t7-KISv f SrW^-rSo 
[0105] jjc^ffi«8i^*tflt»4 0 9 tt*r;«ix 

40 fl|#Sra* L, «5>S4 0 6 h*te«ffi#*fffHg4 0 9 CD 
ffi^^fe^ex^iSft v a t — yy*y— Klf v f 

t5. ft^ffi«it0»*t«»4 0 8 I^T^ttlx aiJS 
ffi«xmi:036fS#^«^#4 0 e^HlAiJOiLfeft 

ftica«jt«wt«»4 o 7\ty j-Yy*y-Ym&v 
f t*5S«vmi^HfB#tcffiBit^m«SS4 0 SOW 

«#SrlH^U h/^JS^»JHfB4 0 5Wta«JtW*tflt 

so ^40 7(om^ty-f — Yy^y—YY^^ z f tofp 
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r r = ar • ta+Kv [av-va— vm+a>x { x a — xm+ (l/s) 

(coi (xa-xm) - ( 1 - a v ) va) }] • • • • (S4 3) 

[0 10 6] rrT% *"7Vlo$£v a (Dg#te^-7vH£ ^a^Oft7C"CJIft5«t5f-S:4 3SrX*"t"*i, ft^S; 

■ xa-CfcSfcft, **Srb^, itS, 4fc«. 4 4, «45, ^46, S4 7i:^ 9 

Tr = ar • ta+Kv (a v • v a — v m) + K x (a x • x a — x m) + 

Ki (1/s) (xa-xm) .... (S44) 

Kx = cox-Kv .... «45) 10 Lfc^^x^fI^»^J:^^^-K^^^*J® 

K i =o> i • co x • K v .... K4 6) »i:7>f-K7*!7— KJWWittfcSr^S^^S** 

ax = av .... K47) ffi«7^-K7*17-K^-<^S:ie«7^ 

[0 10 7] ±fe<£>5£4 5, S46, 5t4 7 i 9 , 1 - !7 — > k&tt, fr^>7 ? f 

5^*3Jt5ffi«7>r-K7^l7- Ky>T xtt, il« -Yvfcjfiitfc, fifi, b/^(0^-y '-f-K 

7^-K7*l7— KW^a v fcHCfcfcufcS. £/c:7 Z7*!7- Ky-f vcoi"-<r^^^- K^^yV 

-f- 57- Kyy >K*S*T*>* h/i^ 7 -f - K ±\cm^mt f 5 r t 

W^a:^ *fc**7-f- K7*17— K*i«»4 [Olll) 

1 1 Oi««7^ - K7t !7.- m y a v *R)tt5- £Lk<£> <fc 9 r CO«M^«Sffi««J» 

fcjstffi h^^-K^y-Ky^a t £i£ft:7 K7*l7- KW«P«R4: S:*L, r©*^Ht#WJMB*» 

■Y- K7*!7— Ky-Y v £ Ir] IMit-'t" 5 J: 5 ft&8# b^^/u h/u^, ^f/^IS, Wig 
a*«Mfc*3i, 3£4 4^*5ttS7-<-K7*?7— ±IS*J»»«Offi«»ffi«-^-efc5||{fi[|i, i»£«*ttl« 

-YVar, av, a x 0>R| d^JfcCQ^jg 1 iZ&tf 55t 2 ^XfoZMMg, (O^m^t U _bfB©M»*C0 h 

[0108] ^Ifi^HSsttWioi £ 30 ss»c*5v^t, _bfB^ -y — ^ *0Wffl5tt. fcfiifc^J 

fc«fc9, 7>r-K7*!7-KiS:^S^T*fc5 h/W:^ 5iftJt0tjy-r yfeiimfa^W >s6»6>4« 

-K:7*!7— KJWHS4 1 0fcjgS7>r— K7*l7— K 7 — hv^^y-T ^SrR3fei"**a«r«*, ±15:7 -f 

**B»4 1 1 &m^, Jfc«WfH¥ft«ll^ 1417^- - K7*7- Kffifpffitt. hA'*?^ — K7*!7— Ky 

K7*i7- W^a x £3^:7*- K7t7- KyV -Y v, M7^-K7t7- Ky-Y v*> J:UH2fi7 - 

Va viS:A»/£B8«fc«ofc*4 % - K7*!7— K7*!7— Ky<Y y4»6ft57-f- K7*l7— V 

Ky-TVar, av, a x <£>£:T£ 7 - y ^ y^ S:R^5¥«ft« A, ±|Bffi1l7-f— 17— Ky 
vtaflfir^i^ofi^R^T#5fcfe % ^--/n— vSr±Eifk7^- K7*7- Ky^T v^Jfifi:^, 

[0 10 9] ^Jgco^S5 «7>f- K7t7- K 40 ^l^S^fc:/^$<-r^^v^5ffi¥^ ; »l^S^-J: f 9, ^ 

Rft»*-e*S h^7-f-K7*l7-K4i«»4 1 0 a^*rt-5«H4Sr*afc(Sofc**, ^-v^-h 

K7t7- Wyar, av N ax?:7^-K/^7^ ^^> Q 

y-Y vt»fi^ia^*B8«iCSrfflv^T--oo^?^— ^ [0112] ro*e^^«5ffi:««J»3S«tt, ffi 

t , a v , a x 1 ^rS2pic— kds<7* — ^ a v X*W tjV&&. ^^/Hftllo^fS #Srf^J*-f* ^^x/HS-^-a 

h«rjqi«UT»6i^o*safcaE*S**i: «r*U r co-ex/Wf b©^-^ 

[0110] ft*s, ±E»*«fio«ffi-x»R so *^ffi«tftaflr*-c*)S*ift«, a«*ai«#T*)5* 
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AJt09y-< Vfc «fc tftfcjf >a> & ft 5 7 * - hv< 

^MSiiHix., ±E&«7 -i — K7*7— K-7V>ij$ft 
y-i~ Y7*v— Wvt h^yyj— yy*y— Y 
¥4 V t Oi--<T £±E7 ^ - Y'< y 7 74 > b 

[0113] 

- Yy* y— Ywmmt, si7 - K7^7- Ky-Y 
^t*S7-f- Yy*y— Ky-f ^ hM7-r-K7 

YVs(>b*^\z.M.iL\c&j£*imtmmh Ltz 
<or\ &m.y^—Yy^-y~Y'y^>tms.y^~Yy 
*y— Yf4>b hjis?y^—Yy*y— YVJ^kZ 

tsa^ i sraEVKSMi-s b^s-nmttWMauzt <o > 

[0 1 14] r©3SM^ffi5ffi«««iai«037-f 

- yy*y— Yfsmwa., fiS7-<- K7*7- k^-y 

[0 l l 5] -<&»9!fc«5ffi«1IMMS«©:7-f 

- K7*7- Kd«Pffi», imy-<~Yy*y- y?4 
>t&&yj—Yy*y—Y'y^^b v^ty j—yy 
*y-YV4^>b*, K&oim&m^T&fe-tzmfS. 

b Lfc<DT\ ^at»i-5«H±Sr*a»c«ofc**, 1 

UtLW.yj-yy*y-yyji/) = (3**7 -< — K7 

- K 7 * y - Ktt*tttt. y 4 - y 7 * y - K-7V 



^bm&yj- yy*y~yy4>b y^yy^-yy 
*y-Y?4^bit. &&.<Dmm&m^Tmfei-zffii8. 

ki,tz<DX s *ftfc^5«tt**»K:«ofc44. 1 

(hA-77^- K7#7-Ky-Y:/) = ({4S7W- K 
7*7— K-7V >-) 3 
(jI«7^-K7*7-Ky-f >0 = (ffiS7-f-K7 
10 *!7— K-7VV) 2 

[0 117] i©»Wfc«5fi:«««iSe«tt, * 

^■x rK-grt-3J:5fc:±EhA'7^T rtfECfcl- 
UT±1B«l»*»*«WPi--54flL«#J»*«»:: 
*5V>T, ±E&«f<frx r SrA* LT0f«©e*BB** 
^iCi "9^Lfc ; ex/W3i«x a tr©tf^fx a 
ro«#ffi-§-T-&-S^--7VloSgv a t rW^f/Htv a 

Virlt^ffi^Cft^x^h^^ r a b^mts-T^y' 

Sv a ttf/uttf x a £!?3S£vmi:!H£gxmi:& 
ATI ®.W£m?4 x t^aJt^J^ VK v btiL 

IS^yK i i h/Wi?7^- Yy*y— Wy« 

t tM«7^- K7^-7- v £&g7-f— K 

&&ffix-tz<nx\ &yj-yy*y—yy-i>'ax, a 

7^-f^Kx, Kv, K i X-&:tiZtf>SUZltfrtZ<lim.& 

K:aE3t^rtB*«* * nm-r 5 - 1 ^ t* # 5 . 

Tr=ot*Ta+Kv - (av*va — vm)+Kx 
• (ax • x a — x m) +Ki (l/s) ( x a — x 
m) 

s : 7/77iSf 

[0 1 18] rro^Mtc«5ffifia«^«<D h/U 

^^St^gPfi, tf^h^tath^7^-K7 

40 * 7- y « r Lfc7 - K7 1 7 - K 

7 r f *mt>-tZ> K7*!7— Klt«», * 

X/WiSfiv ai:iiS7^-K7t7-K7 , Yyav^f 

3SLfc7w- K7*7- Kii«v f &ta,t)-fz>mg.y j 

- K7* 7- Kit«#, ^f^tlx a K{£«;7 — K 
7*7— xSr*HLft7-f— K7*7— K<£ 

ix f *mirfz>mty-i-yy*y— Kites, ±e 

*9*AHSfc« xai H{iS xmi O^^^r^^ Lfdf #4: 
Ul*-rSffi««^«, ±E7^- K7*7- Ymstv f 

t Has* v m i tommzmgLtoto?* >k v u/t 

so fll*Srffl*i-«a«tt:«*lfll«, ±E7^-K7*7- 
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&m.m^<otiitnmmm^^-( i zmm^izm^- 
z&fi-fztiLmmftffim&zmz.. ±uy <<-yy*y 
-Kww^t f &£ifi±m&&itmm®!&. fomttmm 

z r t vxmti-rh<r)X\ yy*y- K*i*I3& 

[oii9] *fc, z.<Dftw\^&z>®.w.mmmw.<nv;v 

f SrtiW-rs h/^7>f— K7*!7— KHMB», * 

fU7^-K7*!7-K)iSv i^mts^-^m&y^ 

- Vy * V- Kif*I3l, ±!E^7vHig v a K{£g:7 J 

- K7*7- y&M<r~-(>0 x zmg-isfcyj—yy* 
v— Ktfx f 4iijAt&tti7^- yy*y— y&m 

- yy*v- Kffx f ^MSLfcff^-^^Lfcit-^ 
&ai7Ji-5«£g»#«, ±E^-f-K7*!7— Kf*«v 

f £ Hiig vmt <0«*fc3S«ifc«y^ >K v SrSfcH U 
fcft^SrW73i--5iiSJt^m«S, ±fE^ex/Wittx a 
t §S<£g xmi (Om^HLMitm^^ >k x SrfH£ Lfc 
«#*ffl^4tfg)fcg*i«i*» *5<fcT*JtfE&gg#$§ 

{£gg#*&«3l£g;i, fifi7-f- K7*J7- 

Kh^t f *5±lf±EiS£Jfc0Htflt#, tegJtWfg 

r t LtlHAt«0-C. fifJI^x r Wj&^fc, 
2?^ t fc*HWbffrP ft £ *t 5 c 
a x = 1 — K i • 0 x/K x 

[0 12 0] Sfc N r©3S01K#3tegfM«£Sgro hA- 
*!7 — WVa t £*^L7t:7.f — K7#17- K 

f SrW7Ji-5 h/^7^- yy*v— K*t*IS, ^e- 
Tvioi^v a^jgs^-f — yyacv— yi&uv^o-y v 

Sr*HUfc7^-K7*!7-Ka«v f ^tb7li-SiS« 

7 ^ - yy* y- Kffi*t& *t*awm. x a i;ft7 ^ 
-K7*!7-K«£«^vy y(.*fm\,izy << — yy* 

*7 — Ktfix f Srffl73i-5ffia7^— K7*y— Kffi« 
3s, tf^fif xat *&g xmi ©gillC<ftg-7V ^ 
to x Sr**bfcflr#Sra*-fStt«*t«» % *5<fcT>'JtfE 

«#<7V VooP I ©P I (J£fflff#) iHMtSrfToTlll* 
Mflt HA^ t c Srffi7Ji-55i« P I *§«3g&g*., %& 

y 4—yy*y— y?4^a v*i>s.xmm.y 4 — yy* 
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^Tt, 7^-K7t!7- W^ax, av, a t Sr 
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ax=l— yx/{Kv (ox+uP I) } 
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^■x riC-grf-5J;5ii±IBh^J&frT r.tJSCfch 
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>f^fl>viSrS»U7-f-K7t!7-KiiSv f Srffi73 

■rzmmyj-yyi-y-ymmgs, jtsE^fvnsgx 
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Tld^JlfH^X/l^jSft v ai7^-K7*7- y&g. v 
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